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1.  INTRODUCTION 


Kilitary  planners  have  a continuing  requirement  for  the  prediction 
of  vulnerability  envelopes  of  aircraft  due  to  structural  response  re- 
sulting from  a nuclear  blast  wave.  This  requirement  involves  both  the 
development  of  computer  codes  to  predict  these  blast  wave  effects  and 
the  acquisition  of  experimental  data  to  evaluate  their  degree  of 
reliability . 

Code  development  has  been  recently  concerned  with  the  VIBRA-4  and 
VIBRA-6  codes.  The  VIBRA-4  code  (Reference  1)  is  currently  used  by  the 
Air  Force  and  others  for  the  prediction  of  blast  vulnerability  envelopes 
of  aircraft.  Recently,  it  has  been  demonstrated  that  improved  pre- 
dictions of  blast-induced  wing  loadings  at  subsonic  speeds  can  be 
obtained  for  some  flight  conditions  by  use  of  doublet-lattice  methods 
(Reference  2) , and  the  VIBRA-6  code  utilizing  these  methc  ^s  is  currently 
under  development  (References  3-5). 

The  objective  of  the  program  described  in  this  report  is  to  provide 
a data-base  of  the  blast-induced  wing  loadings  on  a high-sweepback  wing 
at  high  subsonic  speeds  and  to  present  these  data  in  a form  convenient 
for  evaluation  of  the  doublet-lattice  method  as  used  in  the  VIBRA-6  code. 

Regarding  previous  related  work,  the  JANAF  series  of  blast  loading 
tests  was  conducted  at  Wallops  Island  and  Edwards  Air  Force  Base  during 
1961  and  1962  (Reference  6).  The  present  program  differs  from  the  earlier 
tests  in  four  important  aspects.  First,  the  quarter-chord  sweepback 
angle  Is  about  twice  that  of  the  previous  model.  Secondly,  the  model 
used  for  the  present  tests  was  constructed  in  a particularly  rigid 
manner  in  order  to  avoid  structural  deformations  and  associated  response 
pressures  as  had  been  questioned  for  the  earlier  experimental  investigations. 
Thirdly,  a better  airplane  simulation  was  achieved  by  the  capability  for 
full-wing  testing  instead  of  the  half  wing  that  had  to  be  employed 
previously.  Finally,  a better  ground  plane  was  achieved  at  HAFB,  by 
means  of  grading  and  other  measures  to  reduce  track  interference. 
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To  accomplish  the  test  purpose,  a series  of  blast  tests  made  at 
the  50,788-ft  high  speed  sled  track  at  Holloman  Air  Force  Base  (HAFB) , 
using  the  multiple  blast  intercept  technique  illustrated  in  Figure  1. 

As  indicated  in  the  figure,  the  rocket  sled  bearing  the  test  model  is 
subjected  sequentially  to  three  blast  waves  of  different  orientations 
produced  by  the  sequential  detonation  of  three  charges  located  at  different 
points  in  the  test  area. 

Three  sled  runs  were  made  at  a nominal  preintercept  Mach  number  of 
0.76  and  Reynolds  number  based  on  mean  chord  of  7.0  million.  The  test 
model  had  a 46.80-in  wing  span  and  18.95-in  mean  chord.  Seven  separate 
TNT  charges  were  detonated,  six  of  1,000  pounds  and  one  of  10,000  pounds. 
Test  results  are  reported  for  five  blastwave  intercepts  nominally  20,  90 
and  135  degrees  from  head-on  at  overpressures  of  about  two  and  four  psi. 

The  test  techniques  developed  and  used  in  the  three  test  runs  are 
described  in  Section  2.  The  test  conditions,  test  results  and  data 
analysis  procedures  are  presented  in  Sections  3,  4 and  5,  respectively. 

The  results  of  the  three  tests  are  discussed  in  Section  6,  where  compar- 
isons are  made  with  VIBRA-6  quasi-steady  blast-induced  wing  loadings.  A 
summary  of  observations  is  presented  in  Section  7 and  conclusions  are 
presented  in  Section  8. 
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FiRurf  1.  Schematic  of  Typical  HAFB  Blast  Test  Arrangement 


2.  TEST  EQUIPMENT 


2.1  HAFB  Sled  Track 

The  50,788-ft  high-speed  track  and  associated  general  test  equip- 
ment at  HAFB  are  described  generally  in  Reference  7.  In  the  test 
procedure  described  here,  the  dual-rail  sled  employed  ran  from  south  to 
north.  The  sled  was  launched  near  the  10,500-ft  station,  entered  the 
blast  test  area  extending  from  about  the  12,500-ft  station  to  the 
13,850-ft  station,  and  then  coasted  out  to  about  the  30,000-ft  station. 

2.2  General  Test  Arrangement 

A photograph  of  the  overall  test  arrangement  is  shown  in  Figure  2 
(for  Run  9B-A3A).  The  moving  sled  enters  the  field  of  view  from  the 
left  and  progressively  encounters  the  blast  waves  from  the  detonation  of 
several  separate  TNT  charges  placed  about  6 feet  above  ground  level  at 
various  locations  on  the  west  side  of  the  track. 

2.3  Test  Area 

The  ground  surface  in  the  test  area  on  the  west  side  of  the  track 
was  generally  composed  as  indicated  in  Figures  3 and  4.  The  test  area 
extended  1,250  feet  along  the  track  and  320  feet  normal  to  the  track. 

The  area  near  the  first  charge  location  and  extending  almost  to  the  edge 
of  the  track.  Area  I in  Figure  3,  had  a concrete  and  asphalt  surface. 

The  rest  of  the  surfaced  area.  Area  II  in  Figure  3,  had  a basecoat  and 
dirt  surface.  West  of  Area  II,  the  ground  was  generally  gypsum  sand. 

The  east  side  of  the  track  was  not  surfaced  but  was  graded  for  a lateral 
distance  of  about  20  feet  to  be  level  with  the  rails,  as  Indicated  in 
Figure  5. 

In  order  to  prevent  distortion  of  the  blast  wave  by  gaps  existing 
between  the  surfaced  ground  areas  and  the  rails,  sandbags  were  inserted 
to  fill  in  the  gaps  as  much  as  possible,  as  indicated  in  Figure  5. 

Also  to  minimize  distortion  of  the  blast  wave  in  the  channel  between 
the  two  rails,  the  channel  was  kept  filled  with  water  during  test  runs, 
as  indicated  in  Figure  5. 


Figure  2.  Aerial  View  of  Test  Area  for  Run  9B-A3 


Figure  4.  Photograph  of  Blast  Area 


Figure  5,  Sketch  of  Rear  View  of  Sled  and  Ground  Surface  Showing 
Procedures  for  Reducing  Blast  Interference  Effects 
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Four  blast-line  pressure  probes  were  used  to  define  the  free-air 
blast  profile  for  each  of  the  three  intercepts  for  each  run,  as  can  be 
seen  for  one  location  in  Figure  6.  The  locations  of  the  vertical  struts 
supporting  these  pressures  transducers  (see  Figure  6),  designated  1 to 
12,  in  terms  of  track  station  (distance  parallel  to  track)  are  given 
in  Table  1.  All  struts  were  located  laterally  (perpendicular  to  track) 
7.5  feet  west  of  the  track  centerline.  All  transducers  were  located 
approximately  18  inches  closer  to  the  corresponding  charge  location 
than  the  supporting  strut. 

Breakwires  across  the  west  rail  were  used  to  trigger  the  explosive 
firings  and  to  provide  a common  time  reference  signal  for  checking  time 
correlation  of  different  recorders.  These  breakwires  were  stretched 
out  across  a rail  at  specified  stations.  They  served  as  links  in  an 
electrical  circuit,  which  was  broken  by  the  leading  edge  of  the  forward 
left  slipper  of  the  sled.  The  trigger  breakwires  were  located  between 
about  80  and  150  feet  ahead  of  the  desired  intercept  point  (DIP)  and 
the  time  reference  breakwires  were  located  50  feet  ahead  of  the  DIP. 

Several  grid  boards  with  diagonal  stripes  were  placed  in  the  blast 
area  to  serve  as  backgrounds  for  photographic  studies  of  sled  and  blast 
wave  motions.  A typical  grid  board  can  be  seen  in  Figure  6. 

2.4  Sled 

A modified  HAFB  dual  rail  rocket  sled,  designated  as  FDN  6326,  was 
employed  in  these  tests. 

Photographs  of  the  sled  and  associated  propulsion  rocket  motors 
are  presented  in  Figures  7 to  9,  which  present  oblique,  front  and  side 
views,  respectively,  of  the  sled.  The  top  surface  of  the  sled  is 
basically  a thick  blunt  flat  plate  whose  front  and  blastward  edges  are 
faired  to  minimize  sled  drag  and  distortion  of  the  blast  wave  striking 
the  model  due  to  interference  with  the  sides  and  lower  parts  of  the 
\ sled  structure. 

k 
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TABLE  1 


Intercept 

Station 

No. 


TRACK  STATION* 


12746.9 
12752.6 

12758.9 
12772.0 


12746.9 
12752.6 

12758.9 
12772.0 


12746.9 
12752.6 

12758.9 
12772.0 


2 

13180 

13171.9 

13187.9 

13202.7 

13225.7 

13180 

13171.9 

13187.9 

13202.7 

13225.7 

13153 

13133.9 

13171.9 
13202.7 
13251.1 

3 

13630 

13608.0 
13636.6 

13668.1 

13713.1 

13630 

13608.0 
13636.6 

13668.1 

13713.1 

13730 

13713.1 
13738.3 

13768.1 
13813.5 

DIP  = Desired  Intercept  Point 

*A11  mount  poles  are  located  4 feet  west  of  west  rail  (7.5  feet 
west  of  track  centerline) 
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Figure  7.  Oblique  View  of  Model  on  Sled 


The  test  model  is  mounted  on  the  front  of  the  sled  by  the  vertical 
strut  and  horizontal  sting  attachment  seen  in  Figures  7 and  9. 

A pair  of  cameras  aimed  at  the  upper  wing  half  are  mounted  on  the 
sled  bed  in  a box  behind  the  model,  as  indicated  in  Figures  7 and  9. 

The  propulsion  systems  used  to  drive  the  sled  are  shown  in  Figure 
9.  The  first  stage  propulsion  unit,  used  to  accelerate  the  sled  to  about 
Mach  0.6,  is  a separate  pusher  sled,  not  attached  to  the  test  sled, 
which  is  powered  by  two  Nike  rockets.  In  addition,  there  is  another 
short  rocket  sled  unit  consisting  of  23  HVAR  rockets,  which  is  attached 
behind  the  test  sled.  Eighteen  of  the  HVAR  rockets  are  fired  after 
burnout  of  the  Nike  rockets  to  bring  the  test  sled  up  to  test  velocity 
and  the  remainder  to  maintain  constant  speed  during  the  test  period. 

For  all  test  intercepts,  the  sled  speed  after  blast  intercept  did  not 
vary  more  than  about  4 fps  from  the  intercept  speed  during  the  next  100 
feet  of  travel,  which  is  about  the  maximum  distance  of  interest. 

2.5  Wing  Model 

The  test  model  consisted  of  a swept  wing  model  with  a nose  and 
partial  fuselage  section,  sting-mounted  to  the  sled  as  shown  in  Figure 
7.  The  model  wing  planform,  fuselage  and  nose  sections  were  constructed 
to  simulate  the  basic  features  of  the  B-1  aircraft  in  its  most  sweptback 
position  at  1/20  of  full  scale  dimensions.  Basic  model  data  are  listed 
in  Table  2 and  details  are  given  in  Reference  8.  Wing  leading  and 
trailing  edge  sweepback  angles  were  67°  and  55°,  respectively.  The  wing 
cross  section  (streamwise)  was  made  up  as  a 64A012  symmetrical  airfoil. 

The  wing  was  mounted  at  an  angle  of  attack  of  3.2°,  in  a direction 
such  that  the  pre-blast  steady-state  lift  force  was  in  the  same  direction 
as  the  blast-induced  force. 

The  right  (lower)  and  left  ^upper)  halves  of  the  wing  were  built  up 
from  separate  solid  upper-surface  and  lower-surface  sections,  see  Figures 
10  and  11.  The  sections  were  profile  milled  using  a numerically  con- 
trolled mill  and  were  bolted  together  to  assemble  the  total  wing 
halves.  Alignment  between  the  sections  was  maintained  by  precision 
Integral  rings.  One  wing  half,  the  upper  half  in  Figures  7 to  9,  was 
machined  from  Fremax  45  steel  with  wiring  channels  and  holes  for 
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TABLE  2i'' 


BASIC  MODEL  DATA 


Wing  Span,  b 
Wing  Planform  Area,  S 
Aspect  Ratio 
Taper  Ratio 

Leading-Edge  Sweepback 
Quarter-Chord  Sweepback 
Trailing-Edge  Sweepback 
Mean  Chord  (S/b) 

Root  Chord  (at  model  centerline) 

Wing  Section  (streamwise) 

Thickness  Ratio  (streamwise) 

Pressure  Stations 

(Two  transducers  per  station) 

Fuselage  Diameter 


46.80  in. 
6.16  ft^ 
2.47 
0.29 

67.0  deg. 
64.8  deg. 

55.0  deg. 
18.95  in. 
30.60  in. 
64A012 

12% 

20 

8 in . 
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installation  of  20  pairs  of  pressure  transducers.  The  other  wing  half 
was  similarly  machined  from  7075-T651  aluminum  with  no  instrumentation 
installations . 

The  instrumented  left  wing  half  was  constructed  of  steel  in  order 
to  minimize  pressure  transients  associated  with  wing  elastic  structural 
deformations  produced  by  the  blast  forces.  The  other  uninstrumented 
wing  half  was  intended  mainly  to  assure  reasonable  aerodynamic  symmetry 
on  the  overall  aircraft  wing  model  and  did  not  require  a rigid  steel 
construction . 

Holes  for  twenty  wing  transducer  locations  were  located  as  indicated 
in  Figure  12  and  Table  3.  Two  transducers  were  Installed  for  each 
location  to  measure  pressure  differences  between  wing  blast  and  leeward 
surfaces.  Also  provision  was  made  for  one  pressure  transducer  being 
located  at  the  nose-tip  of  the  fuselage  for  measurement  of  total  pressure 
at  the  sled.  An  accelerometer  was  mounted  inside  the  left  wing  half 
near  the  90  percent  semi-span  location  for  measurement  of  wing  motion 
normal  to  the  wing  plane. 

2 . 6 Explosives 

The  explosives  used  for  each  firing  consisted  of  either  1,000  or 
10,000-lb  charges  of  TNT. 

Each  1,000-lb  charge  was  cast  as  a single  spherical  ball  with  an 
integral  detonator  well.  Each  charge  was  mounted  with  its  center  about 
6 ft.  above  the  ground  level,  sitting  on  top  of  a five  foot  high  styrofoam 
pillar,  as  shown  in  Figure  13.  These  cliarges  were  held  by  straps  to  the 
ground  where  necessary  to  avoid  the  possibility  of  preceding  detonations 
knocking  the  charges  off  their  pedestals.  Below  each  styrofoam  support 
was  either  a 3 or  6 in-thick  8 ft-wide  steel  plate  (for  intercepts  1 and 
3)  or  a 1 1/2-in  base  of  8 x 8-ft  plywood  sheets  (for  intercept  2). 

The  10,000-lb  charge  was  prepared  by  the  Canadian  Research  Estab- 
lishment, Suffolk.  It  consisted  primarily  of  306  4-in.  x 1-ft.  x 1 ft., 
32.5-lb  TNT  blocks,  plus  a 16  in-dia  hemispherical,  62.5-lb  booster 
stacked  on  a 1.5  in-thick  8 x 8-ft  plywood  support  as  shown  in  Figure 
14^, 
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Re  Model  Showing  Pressure  Measurement  Stations 


TABLE  3 


DTSTRIBUTION  OF  AIRLOADS  MEASUREMENT  STATIONS  OVER  INSTRUMENTED  (UPPER)  WING 


Spanwise 
Locations 
(Percent  of 
Semispan) 

Chordwise  Locations 

(Percent  of  Local  Chord) 

0,05 

0.25 

0,45 

0.65 

0.85 

20 

X 

30 

X 

40 

X 

X 

X 

X 

X 

50 

X 

60 

X 

X 

X 

X 

X 

70 

X 

80 

X 

X 

X 

X 

X 

90 

X 
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Figure  13.  View  of  Test  Setup  Showing  Charges  in  Place 


The  explosives  were  detonated  by  modified  portable  Reynolds  Industries 
Exploding  Bridgewlre  Firing  Sets,  using  Reynolds  Industries  boosted  RP-1 
detonators . 

2 . 7 Blast-Line  Measurements 

The  blast-line  probes  employed  are  the  standard  field  instruments 
used  by  BRL  for  the  measurement  of  blast  waves.  Figure  6.  The  probes 
consist  of  a transducer  mounted  flush  to  the  face  of  a circular  flat 
disk.  Each  disk  is  beveled  on  the  back  edge  around  the  circumference. 

The  disks  are  supported  by  stands  fabricated  of  3 in-OD  steel  tubing, 
which  are  installed  so  as  to  be  on  the  downstream  (blast-wise)  side  of 
each  disk. 

Data  obtained  from  these  probes  were  recorded  in  a mobile  van 
station  on  tape  recorders  having  a frequency  response  of  4 kHz.  The 
overall  response  time  of  the  blast-line  measurement  system  was  about  0.2 
milliseconds . 

2.8  Wing  Pressure  Measurements 

Pressures  on  the  wing  were  measured  using  Kulite  high  performance 
pressure  transducers  of  the  XCQL-41-093-025  and  XCQL-37-093-25D  series. 
These  transducers  have  a 25-psi  range,  0.093-ln  diameter,  low  accelera- 
tion sensitivity  and  a 230  kHz  natural  frequency.  All  transducers  were 
initially  mounted  with  their  surfaces  flush  with  the  wing  surface,  and, 
with  a few  exceptions,  remained  nearly  flush  throughout  the  test  runs. 

The  transducer  signals  were  generally  connected  in  pairs  electrically 
through  differential  amplifiers  for  measuring  the  difference  in  pressure 
between  the  blast-side  and  lee-side  surfaces  of  the  wing.  The  trans- 
ducers were  calibrated  in  this  arrangement  for  matching  of  gains. 
Calibrations  were  carried  out  before  and  after  each  test. 

2.9  Sled  Velocity  and  Position  Measurements 

Sled  position  and  velocity  were  measured  with  the  standard  HAFB  VMS 
system.  This  system  consists  of  a sled-borne  photocell  circuit 
which  is  interrupted  generally  at  13  foot  intervals  along  the  track 
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by  ground-based  bars,  each  of  which  produces  a signal  at  the  sled 
which  is  telemetered  to  a ground  recorder  station.  This  basic  time- 
distance  record  is  computer-differenced  and  smoothed  to  produce  a sled 
velocity  time  history.  Figure  15  presents  these  time  histories  of  sled 
velocity  in  the  test  area  for  the  three  runs  made. 

In  addition  to  the  above  VMS  measurements,  independent  measurements 
of  sled  position  along  the  track  were  obtained  for  several  times  from 
the  breakwire  signals  used  to  provide  firing  and  timing  information 
(see  Section  2.3). 

2.10  High-Speed  Photography 

Various  high-speed  cameras  running  at  speeds  between  50  and  10,000 
frames  per  second  were  employed  in  these  tests.  For  the  first  intercept 
area  of  each  run  and  the  third  intercept  area  of  Run  9B-A3A,  4 x 16-ft. 
grid  boards  with  parallel  black  and  white  stripes  (e.g.  see  Fig.  6) 
were  placed  west  of  the  track  for  observation  of  the  blast  shock  inter- 
cept with  the  sled,  using  10,000-fps  high-speed  movies.  Two  sled-borne 
600  and  1000-fps  cameras  mounted  In  a box  on  the  sled  (Fig.  7)  were 
used  for  monitoring  lateral  deformations  of  the  wing  model. 

Various  lower  speed  motion  picture  cameras  were  used  for  general 
surveillance  of  the  run  phenomena.  Several  were  mounted  over  the  track 
looking  south  for  overall  observation  of  the  blast  waves  and  sled. 
Additional  tracking  cameras,  mounted  on  a building  1/2-mile  east  of  the 
track  were  used  for  surveillance,  as  were  also  several  cameras  mounted 
in  a helicopter  about  two  miles  east  and  3500  feet  above  the  track. 

2.11  Telemetry 

All  sled-borne  transducer  signals  were  telemetered  from  the  sled 
to  a HAFB  ground  receiving  station.  Six  transmitters  were  used, 
operating  at  carrier  RF  frequencies  near  800  MHz,  with  4 transducer 
signals  generally  multiplexed  in  each  transmitter  at  sub-carrier 
frequencies  of  64,  96,  128  and  160  kHz,  having  a frequency  response  of 
8 l:Hz  for  each  transducer  signal.  The  overall  response  time  of  the 
instrumentation  and  telemetry  system  to  transient  pressures  is  estimated 
to  be  about  0.2  milliseconds. 
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2.12  Model  Strength  and  Stiffness  Tests 


The  model  and  Its  strut-sting  support  were  designed  strengthwise  to 
meet  conservative  design  specifications  of  blast  airloads.  For  stiffness 
the  model  and  its  support  were  designed  to  keep  the  frequencies  of  the 
wing  modes  and  the  support  lateral  modes  well  separated  from  the  frequencies 
of  the  sled  lateral  modes  and  to  keep  the  model  deflections  and  motion 
small  so  the  resultant  airloads  produced  by  the  deflections  and  motion 
would  be  negligible. 

Loads  and  vibration  tests  were  performed  on  the  model,  model- 
support  and  sled  system  at  HAFB  during  the  period  of  May  10  to  21,  1976, 
prior  to  the  test  program.  A test  report  was  prepared  and  distributed 
by  HAFB,  Reference  9.  Critical  results  of  those  tests  are  reviewed 
here . 

2.12.1  Strength 

The  loads  test  of  the  wing  Indicated  design  goals  had  been  met.  In 
a loads  test  of  the  support  the  connector  between  the  model  and  the 
sting  deformed  at  about  62  percent  of  the  design  load.  The  connector 
was  redesigned  and  the  new  design  performed  satisfactorily  in  the  test 
program. 

2.12.2  Deflection 

Deflections  of  the  wing,  wing  box  and  sting  were  measured  during 
the  loads  tests.  The  measured  deflections  were  compared  against  the 
predictions  of  the  structural  Influence  coefficient  calculations  performed 
by  G.  Zartarian,  reported  in  Reference  10,  and  of  the  NASTRAN  code 
calculations  performed  by  D.  J.  Krupovage,  Reference  11.  In  all  cases 
the  measured  deflections  were  less  than  the  predicted  deflections. 

The  predicted  peak  incidence  (angle  of  attack)  increment  of  the 
upper  wing  tip  by  Reference  10  due  to  elastic  deflection  of  the  wing 
and  support  from  the  blast  loading  is  only  5.5  percent  of  the  17.3-deg. 
angle  of  attack  resulting  from  the  design  specification  for  the  blast 
flow.  In  other  words,  the  peak  "noise"  airload  at  the  wing  tip  due  to 
elastic  deflection  of  the  wing  and  support  would  be  only  5.5  percent 
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of  the  peak  quasi-steady  airloads  due  to  the  blast.  This  is  a con- 
servative estimate  because  the  wing  deflection  calculation  was  based  on 
conservative  (high)  estimates  of  the  blast  airloads.  Furthermore,  the 
deflections  are  a maximum  at  the  tip. 

The  predicted  motion  at  the  wing  tip  by  Reference  10  due  to  blast- 
induced  elastic  motion  of  the  wing  and  support  would  be  only  1.6  percent 
of  the  peak  blast  flow  of  332  fps.  This  means  the  elastic  motion  of  the 
wing  would  contribute  less  than  one  percent  to  the  relative  velocity 
between  the  blast  flow  and  the  wing,  which  is  negligible. 

The  wing  incidence  and  motion  due  to  elastic  effects  are  therefore 
small.  The  deflections  measured  in  the  loads  tests  Included  deflections 
of  the  sled,  support  and  model  and  the  loads  used  are  believed  to  be 
conservative,  so  the  rigidity  of  the  test  article,  support  and  sled  are 
deemed  quite  adequate. 

2.12.3  Frequencies 

Shake  tests  were  performed  with  the  sled  mounted  in  rails  in  the 
laboratory.  The  shaker  force  was  applied  in  a lateral  direction  rela- 
tive to  the  track.  The  lowest  eleven  frequencies  measured  in  the  tests 
are  listed  in  Table  A.  The  measured  frequencies  are  compared  there  with 
the  NASTRAN  predictions  of  Reference  11.  In  general  the  agreement  is 
good . 

The  first  three  modes  listed  are  sled  modes.  The  first  and  third 
modes  at  18.91  and  2A.65  Hz  are  vertical  motions  of  the  sled,  so  they 
are  not  important  to  the  present  purposes.  Mode  2 at  22.33  Hz  is  purely 
lateral  motion  of  the  longerons,  resulting  in  essentially  no  lateral 
coupling  with  the  model  and  support.  The  fourth  mode  with  a frequency 
of  26.65  Hz  does  couple  lateral  bending  of  the  longerons  with  lateral 
bending  of  the  strut  and  sting. 

Mode  5 at  3A.57  Hz  is  a lateral  motion  of  the  bed  plate  of  the 
I sled  which  serves  as  a ground  plane.  The  plate  was  cantilever  supported 

!j  by  the  sled  substructure,  and  the  cantilevers  were  weakest  in  the 

lateral  direction.  The  sixth  mode  at  A A. 21  Hz  couples  strut  base  rocking 
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TABLE  4 

SLED,  SUPPORT  AND  MODEL  MODES 


No. 

Mode  Shape 

Frequency 

Measured 

NASTRAN 

Prediction 

1 

Vertical-longeron  and  slipper  beam  bending 

18.91 

19.11 

2 

Lateral-longeron  bending 

22.33 

19.51 

3 

Vertical-sting  bending 

24.65 

26.55 

4 

Lateral-longeron,  strut  and  sting  bending 

26.65 

26.61 

5 

Ground  plane 

34.57 

* 

6 

Lateral  - strut  base  rocking  and  sting  bending 

44.21 

44.44 

7 

Camera  pod 

50.98 

* 

8 

Sting  torsion  and  wing  bending 

58.61 

59.59 

Lateral  sting  and  wing  bending 

70.70 

67.44 

■ 

Pitch  plane-  sled  rocking 

76.81 

64.26 

■ 

Lateral  wing  and  model-sting  connector  bending 

79.84 

72.88 

* Not  modelled  in  NASTRAN  calculation. 
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on  the  sled  longerons  with  sting  bending.  The  seventh  mode  at  30.98  Hz 
is  essentially  a pure  mode  of  the  camera  support  pod  at  the  rear  of  the 
sled. 

Mode  8 at  58.61  Hz  is  essentially  sting  torsion  and  bending  of  the 
wing.  This  appears  to  be  the  lowest  wing  elastic  mode.  Mode  9 at  70.70 
Hz.  is  primarily  lateral  sting  and  wing  bending.  The  tenth  mode  at 
76.81  Hz  is  sled  rocking  in  the  pitch  plane,  so  it  is  not  important  to 
this  program.  The  eleventh  mode  at  79.84  Hz  is  bending  at  the  sting- 
model  connector  and  wing  bending. 


3.  TEST  SERIES 


3.1  Intercept  Conditions 

The  test  conditions  for  the  runs  and  intercepts  are  tabulated  in 
Tables  5 and  6.  Table  5 gives  general  sled  test  conditions  for  each 
run,  including  atmospheric  pressure,  temperature  and  wind  conditions  and 
the  nominal  sled  speed.  Table  6 gives  specific  charge  and  blast  inter- 
cept conditions  for  each  blast  Intercept,  including  charge  weight,  sled 
intercept  velocity,  charge-sled  intercept  geometrical  relationships, 
blast  Intercept  angle  ((p) , incident  blast  Intercept  overpressure  (Ap^), 
and  the  peak  angle  of  attack  produced  by  the  blast  wave. 

Sled-borne  pressure  transducer  locations  were  the  same  for  all 
runs,  as  given  in  Figure  12  and  Table  3.  For  most  locations  only  the 
differential  pressures  between  the  two  surfaces  of  the  (upper)  wing  were 
recorded.  For  a few  locations  individual  pressures  on  the  leeward  or 
blastward  side  of  the  model  were  recorded  as  Indicated  in  Table  7. 

The  reference  point  on  the  wing  which  is  used  to  define  the  wing- 
blast  Intercept  location  is  defined  as  that  point  where  the  wing  40  - 
percent  chordline  intersects  the  centerline  of  the  model  fuselage.  The 
corresponding  blast  intercept  time  for  this  point  can  be  easily  determined 
from  the  observed  blast  arrival  times  at  the  two  wing  transducers  closest 
to  that  reference  point,  which  are  at  the  20  and  30  percent  semsipan 
locations. 

The  track  station  at  blast  intercept  time  for  the  model  reference 
point  was  estimated  by  three  essentially  Independent  methods  for  each 
intercept,  results  of  which  are  presented  in  Table  8. 

The  first  estimate  made  (A)  was  based  on  the  sled  trajectory 
measurements  described  in  Section  2.9  and  the  blast  intercept  time  as 
determined  by  the  wing  pressure  transducers  (t^^).  The  second  estimate 
(B)  was  based  on  the  timing  breakwire  location,  the  sled  speed,  the 
indicated  time  of  wire  breaking  and  the  blast  intercept  time  t^^.  The 
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GENERAL  SLED  TEST  CONDITIONS 


BLAST  INTERCEPT  CONDITIONS 


Includes  pre-^blast  angle  of  attack  of  3.2  deg. 


TABLE  7 


PRESSURE  MEASUREMENTS  ON  THE  WING 


Transducer  location, 
%semispan/%chord 
(Fig.  12) 

Measurement  recorded  during  Run: 

9B-A1 

9B-A2 

9B-A3 

20/25 

D,B,L 

L 

D 

30/25 

D 

D,B,L 

D,B,L 

40/05 

D 

D 

D 

40/25 

D 

D 

D 

40/45 

D 

D 

D 

40/65 

D 

D 

D 

40/85 

D 

D 

50/25 

D 

D 

gb,e 

60/05 

D 

^ h d 

D 

60/25 

D 

D 

60/45 

D 

D 

D 

60/65 

D 

D 

D 

60/85 

D 

D 

D 

70/25 

D 

D 

D 

80/05 

D 

D 

D 

80/25 

D 

D 

D 

80/45 

D 

D 

D 

80/65 

D 

D 

80/85 

D 

D 

90/25 

p?b,c 

L 

D 

! 

D for  differential  pressure,  B for  blastward  pressure,  L for 
leeward  pressure. 

^Transducer  set  up  to  measure  differential  pressure,  but  would  indicate 
blastward  pressure  only  if  leeward  transducer  fails,  or  vice  versa. 


Q 

Blastward  transducer  inoperative  after  run  completion;  operative 
during  pre-run  calibration. 

'^Leeward  transducer  inoperative  after  run  completion;  operative 
during  pre-run  calibration. 


e 


Leeward  transducer  inoperative  just  before  sled  run. 
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TABLE  8 

COMPARISON  OF  INTERCEPT  LOCATION  ESTIMATES 


Run 

Intercept 

Intercept  Station  Estimate  (ft) 

No. 

No. 

A 

B 

C 

D 

av 

9B-A1 

2 

-10.1 

-10.7 

-11.2 

- 

-10.7 

9B-A2 

1 

2.6 

1.2 

1.0 

- 

1.6 

2 

1.8 

0.5 

0.0 

- 

0.8 

3 

0.5 

-1.0 

-1.0 

- 

-0.5 

9B-A3 

1 

2.0 

0.7 

- 

-0.3 

0.8 

Distance  ahead  of  Desired  Intercept  Point  in  the  direction  of  sled  I i 

motion  (see  text,  Sec.  3.1,  for  meaning  of  A,  B,  C,  D designations).  I i 

The  Track  Station  for  the  DIP  is  given  in  Table  1.  f ^ 

I ' 

i i 

, I 

I ! 

! 


third  method  (C)  was  based  on  the  location  of  the  firing  breakwire,  the 
sled  speed,  the  time  of  the  detonation,  and  the  blast  intercept  time  tj^. 
For  one  run,  9B-A3,  where  one  timing  breakwire  did  not  function,  an 
alternative  third  estimate  (D)  was  made  from  the  blast-line  transducer 
locations,  the  average  estimated  shock  velocity  between  the  transducers 
and  the  sled-blast  intercept  point,  the  time  of  blast  arrival  at  the 
transducers,  and  the  blast  Intercept  time  t^.  Values  of  Intercept 
conditions  obtained  by  these  three  methods  differ  somewhat  due  to  the 
associated  experimental  uncertainties.  It  is  recommended  that  the 
intercept  conditions  presented  in  Table  6,  based  on  the  average  values 
presented  in  Table  8,  be  used  for  any  calculations  relevant  to  the  test 
program. 

3.2  Run  9B-A1 

This  test  was  performed  to  obtain  blast  intercepts  for  three 
different  intercept  angles  of  20*^,  90°  and  135°  at  a blast  shock  over- 
pressure level  of  2 psi.  Weather  conditions  were  good  with  the  tem- 
perature 92  deg.  F.  and  a light  8-knot  wind  recorded  from  270  degrees 
which  is  a cross  wind  of  8 knots  from  the  blast  side.  The  second 
intercept  in  this  run  was  successful  in  that  the  desired  intercept  angle 
and  overpressure  were  obtained  and  useful  data  were  obtained  from  all 
blast-line  and  wing  pressure  transducer  locations.  The  sled  speed  at 
blast  intercept  was  satisfactory,  but  somewhat  lower  than  planned,  Mach 
0.76  compared  to  0.80  planned,  due  to  inaccuracies  in  pre-test  estimates 
of  the  sled  drag.  No  blast  intercept  data  were  obtained  for  the  20°and 
135°  Intercept  conditions  since  the  charges  for  these  intercepts  failed 
to  detonate,  due  to  faulty  firing  systems.  However,  some  useful  data 
were  obtained  on  sled  Interaction  effects  on  a blast-line  transducer 
from  the  blast-line  transducers  set  up  for  these  two  intercept  locations. 
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3 . 3 Run  9B-A2 


This  run  was  performed  to  obtain  20°  and  135°  blast  intercept  data 
at  a 2 psi  overpressure,  as  had  been  intended  to  be  obtained  in  the 
previous  run,  and  to  obtain  data  for  one  side-on  (90°)  blast  intercept 
at  a 4 psi  overpressure  level.  Weather  conditions  were  excellent.  The 
temperature  was  81  deg.  F and  the  wind  was  essentially  zero.  This  run 
was  successful  in  that  all  three  charges  detonated  as  scheduled,  all 
three  intercepts  occurred  at  the  scheduled  intercept  angles  and  over- 
pressure levels,  and  the  intercept  sled  speed  was  close  to  the  planned 
value  of  Mach  0.76.  Useful  pressure  data  were  obtained  from  all  sled- 
borne  pressure  transducer  locations  and  from  all  but  three  of  the  twelve 
blast-line  transducers.  Blast-line  pressures  were  not  obtained  from 
three  of  the  four  blast-line  transducers  set  up  for  the  second  Intercept 
because  one  transducer  experienced  mechanical  damage  and  two  experienced 
electrical  interference  problems.  Some  pitting  of  the  leading  edge  of 
the  sled  on  the  blast  side  appeared  to  indicate  some  sand  and  small 
particles  were  picked  up  by  the  first  blast,  but  no  damage  was  noted  to 
the  model. 

3.4  Run  9B-A3 

This  test  was  performed  to  obtain  blast  intercepts  at  a 4-psi 
overpressure  level  for  blast  intercept  angles  of  20°,  90°  and  135°. 
Weather  conditions  were  very  good.  The  temperature  was  85.9  deg.  F 
with  only  a 5-knot  wind  registered  at  240  degrees,  for  a cross  wind 
of  half  that.  The  second  intercept  condition  was  Intended  to  be  the 
same  as  that  for  the  previous  run  except  having  a longer  duration  blast 
produced  by  a 10,000  lb.  TNT  charge  as  compared  to  1000  lb.  charges 
for  all  other  intercepts. 

The  first  Intercept  of  this  run  was  successful  in  that  the  desired 
sled  speed,  intercept  angle  and  intercept  pressure  level  were  obtained 


45 


i 

{ 

I 

and  all  wing  transducer  locations  and  all  blast-line  pressure  trans- 
ducers produced  useful  data.  No  blast  Intercept  data  directly  useful  j 

for  the  present  program  were  obtained  from  the  second-  and  third-inter- 
cept charges  due  to  premature  firing  of  the  second  and  third  charges, 

! believed  to  have  been  caused  by  the  electromagnetic  pulse  produced  by 

; the  first  detonation  acting  on  the  firing  circuits  for  the  other  two 

I charges. 

In  the  case  of  the  second  Intercept,  this  detonation  occurred  so 

i‘  close  after  the  first  detonation  that  the  blast  wave  from  the  second 

i| 

; detonation  had  to  travel  through  the  fireball  from  the  first  detonation, 

f| 

^ thereby  causing  a considerable  distortion  of  the  blast  front  before  it 

[ reached  the  sled.  Intercept  was  determined  as  having  taken  place  within 

■ the  fireball  of  the  first  burst. 

^ Due  to  the  premature  firing  of  the  third  charge,  the  blast  pressure 

at  the  third  Intercept  was  too  weak  to  be  of  Interest  for  the  present 
I program.  Some  useful  data  of  sled  aerodynamic  interference  on  the 

blast-line  probes  were  obtained  from  the  blast-line  transducers  set  up 
for  the  second  and  third  intercepts,  which  proved  useful  in  evaluation 
of  the  test  results  for  the  previous  runs. 


4.  TEST  DATA 


4.1  A/D  Data  Processing 

Six  types  of  event  data  were  obtained  as  a function  of  time  during 
a run: 

1.  Sled  position  and  velocity. 

2.  Blast-line  pressure. 

3.  Total  pressure  at  the  model. 

4.  Wing  pressure. 

5.  Wing  acceleration. 

6.  Lateral  bending  moment  at  the  sting  root. 

All  data  were  processed  to  digital  form  by  HAFB  and  were  provided  to  KA 
as  tabular  data.  In  addition  Items  2 to  6 were  provided  in  graphical 
form  and  on  magnetic  tapes. 

The  sled-bome  transducer  data  (items  2 to  6)  were  taken  from  the 
analog  tapes  at  0.1  millisecond  intervals  for  about  20,000  times. 

4.2  Data  Presentation 

Graphical  time  history  plots  of  most  of  the  measured  blast-line  and 
sled-borne  transducer  measurements  are  presented  in  this  report  according 
to  the  index  of  figures  given  in  Table  9.  Wing  differential  pressure 
time  histories  for  each  intercept  are  presented  as  composite  reduced- 
size  figures  in  Section  6 of  this  volume  and  also  as  individual  page- 
size  plots  in  Volume  2.  A sample  differential  pressure  time  history  is 
presented  in  Figure  16. 

Time  histories  of  blast-line  pressures,  blastward  and  leeward  wing 
pressures,  total  pressure  at  the  model  and  model  acceleration  are  pre- 
sented in  Appendix  A.  Sample  blast-line  time  histories  are  presented  in 
Figure  17. 

In  all  figures  presenting  time  histories  of  sled  transducer  pres- 
sures, transducer  locations  are  identified  by  a four  digit  code,  e.g., 
60/05,  where  the  first  two  digits  (60)  give  the  spanwlse  distance  from 
the  model  centerline  as  a percent  of  the  semi-span  (e.g.,  60%)  and  the 
last  two  digits  (05)  give  the  percentage  chordwlse  distance  from  the 
leading  edge  of  the  wing. 
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Figure  17.  Sample  Blast-Line  Pressure  Time  Histories 
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4.3  Accuracy  of  Data 

The  pressure  transducer  measurements  obtained  from  the  tests  are 
degraded  at  least  slightly  from  the  true  "undisturbed"  blast  pressures 
at  the  same  locations  due  to  various  interference,  noise  and  instrumenta- 
tion problems,  some  of  which  are  discussed  below. 

4.3.1  Blast-Line  Transducers 

One  source  of  interference  observed  on  the  blast-line  transducers 
is  the  pressure  disturbance  produced  by  the  passage  of  the  sled  past  the 
transducer  location.  Figure  18  presents  a typical  plot  of  this  type  of 
pressure  disturbance.  It  may  be  noted  that  the  peak  of  this  interference 
pressure  can  be  as  high  as  0.5  psi,  which  can  be  significant  if  it 
occurs  at  the  same  time  as  the  blast  wave  passes  the  blast-line  transducer. 

This  situation  did  occur  for  a few  conditions,  as  can  be  seen,  for  ] 

example  in  the  first  part  of  Figure  17,  where  there  is  a noticeable 
pressure  transient  on  the  blast-line  transducer,  starting  shortly  before 
the  time  of  blast  arrival.  However,  it  is  simple  to  correct  the  blast- 
line pressures  for  this  interference  effect  by  subtracting  the  interference 
pressures  obtained  from  records  like  Figure  18  from  the  basic  blast-line 
data  as  presented  in  Appendix  A.  This  correction  procedure  was  used  in 
estimating  the  blast  pressure  time  histories  at  the  sled  as  described 
and  presented  in  Section  5. 

Additional  interference  occurs  on  the  blast  line  pressure  records 
due  to  reflections  of  the  blast  wave  from  the  sled  and  track.  These 
reflections  appear  as  broad  spikes  in  the  pressure  time  histories,  as 
can  be  seen,  for  example,  in  the  last  part  of  Figure  17  at  times  of 
about  10  and  20  milliseconds  after  blast  arrival. 
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4.3.2  Sled-Borne  Transducers 

Degradation  of  the  sled-borne  pressure  data  can  result  from  the 
noise  level  of  the  instrumentation  system,  from  zero  shifts  of  the 
instrumentation,  from  the  finite  response  time  limitation  of  the  in- 
strumentation, and  from  other  causes. 

instrumentation  zero  shifts  during  the  test  period  were  observed  to 
be  small,  generally  being  near  or  below  0.1  psi  per  100  milliseconds  of 
sled  travel,  which  is  about  the  largest  time  period  of  interest  for  any 
intercept . 

The  noise  level  on  the  transducers,  as  estimated  from  transducer 
transients  observed  before  blast  arrival,  was  generally  below  about 
+ 0.2  psi,  but  occasionally  peak  noise  levels  of  about  + 0.4  psi,  were 
encountered  and  a few  as  high  as  +0.7  psi.  By  peak  noise  level  is 
meant  here  occasional  pressure  changes  taking  one  or  more  milliseconds 
to  occur  and  lasting  at  least  the  same  amount  of  time.  In  addition, 
higher  frequency  noise  of  a more  obvious  character  is  observed  on  most 
transducer  records. 

As  was  noted  in  Section  2.11,  the  sled  instrumentation  system  has 
a limiting  response  time  on  the  order  of  0.2  milliseconds.  Consequently, 
the  transducers  are  not  expected  to  have  responded  accurately  to  a few 
very  high  frequency  diffraction  pressure  pulses  of  the  spiked  type 
observed  in  Figure  16. 
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5.  BLAST  VARIABLES  AT  SLED 


5.1  General  Procedure 

In  order  to  utilize  the  blast-line  pressure  data  presented  in 
Appendix  A for  the  comparison  of  experimental  and  theoretical  wing 
pressures,  it  is  necessary  to  interpolate  or  extrapolate  the  experimental 
blast-line  pressures  to  obtain  the  blast  pressure  time  history  at  the 
sled  as  a function  of  time,  and  to  also  estimate  the  corresponding  blast 
density  and  velocity  time  histories  as  well.  The  blast  pressures  at  the 
sled  were  obtained  as  indicated  in  Section  5.2  below  and  the  corresponding 
densities  and  velocities  were  obtained  by  using  the  method  described  in 
Reference  12,  as  discussed  in  Appendix  B of  this  report.  The  resulting 
time  histories  of  pressure,  density  and  velocity  at  the  sled  are  presented 
in  Section  5.2. 

5.2  Overpressure,  Density  and  Velocity  Time  Histories 

For  each  blast  line  transducer  time  history,  a corresponding  time 
history  of  the  blast  overpressure  at  the  sled  was  determined  by  assuming 
that  the  shapes  of  the  overpressure  time  histories  at  a blast  line 
transducer  location  and  at  the  sled  location  are  the  same,  if  the  over- 
pressure is  expressed  as  a fraction  of  the  shock  overpressure  at  the 
location  and  the  time  is  expressed  as  a fraction  of  the  positive  duration 
of  the  blast  wave,  or 

Ap/Ap^  = f(At/t^p^)  (1) 


where 

Ap^  is  the  shock  overpressure 

Ap  is  the  overpressure  at  time  t 

At  is  time  after  shock  arrival  (t-t  ) 

s 

t is  time 
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t is  siiock  arrival  time 
s 


t^p_^  is  t..^  positive  duration  time  of  the  overpressure,  as 

determined  theoretically  from  Brode’s  analysis  (Fig.  36 
of  Reference  13). 

f(At/t^p^)  is  the  experimental  variation  of  Ap/Ap^  with 

At/t,  ^ as  obtained  from  a blast  line  transducer, 

Ap+  ’ 

after  fairing  out  some  obvious  interference  pulses 
and  noise. 

The  shock  overpressure  corresponding  to  any  position  of  the  sled 
was  interpolated  or  extrapolated  from  the  corresponding  blast  line 
transducer  value  with  the  equation 

" ^Ps^'^b^  (APg(r^)*/Ap^(rj^)*]  (2) 

where 

r^  designates  the  radius  from  the  burst  point  to  the  blast  line 
transducer . 

r^  designates  the  instantaneous  radius  from  the  burst  point  to 
the  model  reference  point,  as  determined  from  the  problem 
geometry  and  the  experimental  sled  trajectory. 

Ap^(r)  designates  the  shock  overpressure  at  a point  at  a radial 
distance  r from  the  burst. 

Ap^(rj^)  is  the  experimental  shock  overpressure  at  the  blast  line 
transducer 

and  the  *'s  designate  theoretical  values  as  obtained  from  Brode's 
theory  (Reference  13),  using  the  curves  presented  in  Reference  12. 

Using  the  above  equations,  overpressure  time  histories  at  the  sled 
were  calculated  for  each  intercept  for  all  of  the  blast  line  transducers 
for  which  useful  data  were  obtained.  Then  all  time  histories  obtained 
for  each  intercept  were  averaged  to  obtain  a best  estimate  of  the  true 
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time  history  for  that  intercept.  The  following  weighted  average  equation 
was  used  for  this  purpose. 


I 


”l*^l'^2*^2'*'’  ’ '"^n^i 

w, +W-+. . .+w 
12  n 


(3) 


where 

p is  the  weighted  average  pressure  at  any  time 
p^  is  the  pressure  estimate  from  the  i-th  transducer 
n is  the  number  of  transducers 
w^  is  a weighting  factor  given  by 


w = A(A0)xB 

(5) 

A(A0)  = 0.1  -t-  0.9 

exp(-(A0/7.5°)^) 

(6) 

B = exp  [-20(Ap* 

sled^^^^s,  blast  line  ^ 

(7) 

A0  is  the  circumferential  angle  between  a ray  from  the  burst  to 
the  blast  line  transducer  and  a ray  from  the  burst  to  the  sled 
reference  point. 

The  factor  A(A0)  gives  maximum  weight  to  blast  line  transducers 
lying  on  a radial  line  between  the  burst  and  the  sled  and  the  factor  B 
gives  maximum  weight  to  transducers  located  at  the  same  radial  distance 
from  the  blast  as  the  sled.  The  particular  expressions  for  these  two 
weighting  factors  A and  B given  above,  while  somewhat  arbitrary,  were 
considered  satisfactory  since  several  other  choices  of  weighting  factors 
gave  about  the  same  end  results. 

The  time  histories  of  the  blast  overpressure  at  the  sled  obtained 
by  the  above  procedure  for  all  intercepts  are  shown  in  the  first  parts 
of  Figures  19  to  21.  These  time  histories  cover  tlie  time  period  from 
initi.Tl  shock  arrival  up  to  the  time  of  second  sliock  arrival. 
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The  corresponding  time  histories  of  blast  density  and  velocity,  as 
obtained  as  described  in  Appendix  B,  are  also  presented  in  Figures  19 
to  23. 


(;i)  Overpressure 


Figure  19.  Blast  Flow  Conditions  at  the  Sled  for  Run  9B-A1 , Intercept 


1 9 . (Concluded) 


Blast  Flow  Conditions  at  the  Sled  for  Run  9B-A2,  Interce 


(b)  Density 


TIME  CMSECD 


(a)  Overpressure 


Figure  22.  Blast  Flow  Conditions  at  the  Sled  for  Run  9B-A2,  Intercept 


22. 0X10 


O 

U 

to 


u 

2 


CVJ 


^ t t.  I 1 I — I — I — I — 1 --t  j *■  ‘ ‘ * * ‘ ‘ I ‘ ‘ ■ i » » I N 


c>a 


M 


o> 


ClJ-no/SD  AiISN3a 

69 


i 


Figure  22.  (Continued) 


Figure  23. 


6.  DISCUSSION 


The  objective  of  this  volume  is  to  document  the  sled  test  results 
and  to  lay  a foundation  for  planned  correlations  of  these  data  with 
theoretical  calculations  based  on  the  VIBRA-6  or  other  blast  vulnera- 
bility codes.  While  detailed  correlation  of  the  test  data  and  theory 
is  beyond  the  scope  of  this  volume,  it  appears  desirable  to  make  a few 
observations  below  on  the  general  characteristics  of  the  sled-borne 
pressure  distributions  and  on  their  relationships  to  quasi-steady 
linearized  theoretical  calculations. 

First,  as  a guideline  for  this  discussion,  wind-tunnel  results 
for  a similar  wing  at  high  subsonic  speed  and  large  angles  of  attack 
will  be  reviewed.  Then  the  results  of  the  sled  tests  will  be  examined 
and  compared  with  the  available  calculations. 

6.1  Wind-Tunnel  Tests 

Wind-tunnel  tests  of  the  steady-state  loading  on  a similar  wing 
at  high  subsonic  Mach  numbers  were  performed  by  Boeing  Aircraft  Co. 
for  NASA  and  reported  in  Reference  14.  The  planform  of  the  Boeing 
model  is  compared  with  the  planform  of  the  present  model  in  Figure 
24;  the  models  are  scaled  in  the  figure  to  make  the  plan  areas  equal. 

The  sweepback  angles  of  the  leading  and  trailing  edges  of  the 
two  models  are  comparable.  The  aspect  ratio  of  the  Boeing  model  is 
somewhat  less,  1.65  compared  with  2.47,  and  the  ratio  of  the  body 
diameter  to  the  wing  span  is  much  less.  But  these  differences  are  not 
considered  significant  to  the  comparison  to  be  made  here. 

The  distribution  of  isobars  over  the  upper  surface  for  the  Boeing 

•k 

model  at  Mach  0.85  is  shown  in  Figure  25,  taken  from  Reference  14. 

At  a = 2.1°  the  chordwise  distribution  of  the  isobars  is  essentially 
independent  of  span  position.  At  4.0  degrees  the  effect  of  a leading- 
edge  vortex  appears  to  show  up  in  the  isobar  pattern  near  the  leading 

•k 

Essentially  the  same  contours  were  obtained  at  Mach  0.7. 
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Note:  ACp  = increment  between  adjacent  isobars 


Figure  25.  Isobars  for  Upper  Surface  of  Boeing  Model  at  Mach  0.85 

(Taken  from  NASA  CR-132727) 


edge.  Shock  waves  may  be  present,  but  they  are  difficult  to  identify  in 
the  isobar  pattern.  At  the  6.0-deg  angle  of  attack,  the  vortex  sweep 
angle  is  a little  greater.  As  the  angle  of  attack  increases  further, 
the  sweepback-angle  of  the  leading-edge  vortex  increases  and  the  effect 
on  the  pressure  distribution  becomes  more  marked. 

The  general  effect  of  the  leading-edge  vortex  on  the  loading  can  be 
deduced  from  the  upper  surface  isobars.  In  the  vicinity  of  the  vortex 
the  upper-surface  pressure  is  reduced  so  the  loading  is  increased. 

Inboard  of  the  vortex  the  loading,  based  on  the  isobars,  is  maintained 
fairly  well,  because  the  flow  does  not  separate  there,  whereas  outboard 
the  loading  is  reduced  by  the  vortex,  due  to  separation  of  the  flow  from 
the  wing.  So  the  effect  of  the  vortex  is  essentially  to  increase  the 
loading  at  the  vortex,  maintain  it  inboard  and  decrease  it  outboard.  For 
this  reason,  when  the  vortex  sweepback  angle  is  relatively  small,  the 
lift  tends  to  be  increased  by  the  vortex  from  the  linearized  value,  and, 
when  the  vortex  sweepback  is  increased  further,  at  some  point  the  loading 
increment  relative  to  the  linearized  value  falls  off,  possibly  going 
negative. 

The  chordwise  distribution  of  loading  for  the  Boeing  wing  is  shown 
in  Figure  26  for  seven  stations  along  the  semispan.  At  an  angle  of 
attack  of  2.1  degrees,  the  loading  distributions  have  the  classical 
shape  with  a suction  peak  near  the  leading  edge.  At  4.0  degrees  the 
classical  shape  is  maintained  except  near  the  tip,  0.93b/2,  where  the 
peak  is  gone  and  the  distribution  is  essentially  flat  over  the  whole 
chord  due  to  the  leading  edge  vortex.  The  section  normal  force  at 
0.93b/2  is  a maximum,  however,  at  four  degrees.  At  six  degrees  the 
suction  peak  of  the  leading  edges  of  the  wing  is  absent  from  0.65b/2 
outward  and  the  section  normal  force  at  0.80b/2  is  at  a maximum.  This 
trend,  of  the  spanwise  extent  of  the  leading-edge  suction  decreasing  and 
the  chordwise  section  having  its  maximum  normal  force  being  further 
inboard,  continues  as  the  angle  of  attack  increases. 
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Figure  26-  Net  Chordwise  Pressure  Distributions  for  Boeing  Model  at  Mach  0.85 

(Taken  from  NASA  CR-132727) 
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Figure  26  (Concluded) 
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It  is  important  to  recognize  for  this  highly  sweptback  wing  at  a 
high  subsonic  Mach  number  that  nonlinearities  in  loading  start  showing 
up  noticeably  at  an  angle  of  attack  as  low  as  four  d<>grees,  that  they 
increase  markedly  as  the  angle  of  attack  is  increased  and  first  have  the 
strongest  effect  on  loading  in  the  wing  tip  region.  The  question  for  a 
blast  wave  is  what  the  nonlinear  effects  are  on  the  transient  loading. 

j A number  of  other  tests  on  loading  nonlinearities  at  high  subsonic 

Mach  numbers  have  been  reported  for  wings  with  quarter-chord  sweepback 
angles  ranging  from  25  • 45  degrees.  These  tests  are  believed  to  be 

useful  for  indicating  qualitative  trends  for  the  present  wing,  even 
though  the  latter  has  a sweepback  angle  of  64.8  degrees  and  sweepback  is 
known  to  be  an  important  factor. 

Taylor  (Reference  15)  presents  results  of  tests  for  a quarter-chord 
sweepback  angle,  of  40  degrees  and  thickness  ratios  of  0.09  to 

0.11.  The  results  show  shock-induced  separation  of  the  flow  on  the  upper 
surface  to  be  important  for  angles  of  attack  approaching  the  point  of 
nonlinear  lift  (very  roughly  about  10  degrees,  depending  upon  Mach 
number  and  many  other  factors). 

Smith  (Reference  16),  from  tests  at  Mach  0.78  with  a wing  having  a 
quarter-chord  sweepback  angle  of  about  35  degrees,  shows  that  at  an 
angle  of  attack  of  8.8  degrees  a shock  is  present  outboard  along  about 
the  30-percent  shortline.  At  10.1  degrees  the  shock  is  strong  enough  to 
separate  the  flow.  At  12.6  and  16.0  degrees  the  effect  of  the  leading- 
edge  vortex  on  the  flow  is  apparently  well  defined. 

Ray  and  Taylor  (Reference  17)  performed  tests  with  eleven  different 
wings  having  different  platforms  with  quarter-chord  sweepback  angles  of 
25  to  45  degrees  and  various  airfoil  sections  for  studying  buffeting 
(unste.idy  lo.ids  due  to  boundary-layer  separation).  The  onset  of  buffet- 
V-1U  i •.  %hown  to  be  a function  of  a number  of  factors,  but  near  Mach 
' ■ 'ir-i  It  in  .ingle  of  .it  tack  very  roughly  of  about  five  to  eight 
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6.2  VIBRA-6  (Doublet  Lattice)  Correlation 

It  is  intended  to  correlate  the  test  results  of  the  present  tests 
with  the  VlBRA-6  doublet-lattice  computer  code  as  soon  as  this  code  is 
developed  to  an  operational  stage.  As  yet  the  code  has  not  reached  this 
stage  but  it  is  possible  to  make  a few  observations  here  based  on  some 
preliminary  runs  with  the  code. 

First,  it  should  be  emphasized  that  the  VIBRA-6  code  is  based  on 
linearized  theory.  Second,  it  should  be  noted  that  the  test  wing  has  a 
relatively  low  aspect  ratio  so  that  code  predictions  would  be  expected 
to  behave  in  a relatively  quasi-steady  manner  after  a short  few  milli- 
seconds diffraction  period  while  the  blast  wave  front  is  crossing  the 
wing.  This  rapid  transition  to  the  quasi-steady  condition  can  be  seen 
from  preliminary  unpublished  VIBRA-6  runs  made  elsewhere.  Consequently, 
it  can  be  anticipated  that  the  VIBRA-6  code  predictions  will  not  differ 
greatly  from  quasi-steady  predictions  at  late  time,  say  for  times  after 
blast  arrival  of  5 or  more  milliseconds. 

In  view  of  these  observations,  theoretical  calculations  of  quasi- 
steady  differential  pressure  time  histories  were  made  for  transducer 
locations  where  differential  pressures  were  measured  and  the  resulting 
pressure  time  histories  are  shown  together  with  the  sled  test  data  in 
Figures  27  to  31.  These  quasi-steady  pressures  are  based  on  steady- 
state  lift  coefficients  for  the  model,  which  were  calculated  with  the 
VIBRA  6 code,  and  from  transient  pressure,  density  and  velocity  variations 
at  the  model  which  were  determined  from  the  blast-line  test  data  as 
discussed  in  Section  5 and  Appendix  B. 

6.3  Analysis  of  Blast  Loading  Histories 

The  transient  blast  loadings  at  the  20  locations  on  the  wing  are 
examined  below  for  the  five  blast  Intercepts  of  the  present  sled-test 
program.  The  wind-tunnel  test  results  and  the  VIBRA-6  quasi-steady 
loading  calculations  (V6QS)  of  Sections  6.1  and  4.2  are  used  as  a basis 
for  comparison.  The  side-on,  near-90-deg. , blast  intercept  tests  will 
be  discussed  first,  followed  by  the  tests  at  blast  intercepts  at  angles, 
d,  of  about  20  and  135  degrees,  ifi  is  defined  as  the  angle  between  the 
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Figure  28.  Wing  Pressures,  Run  9B-A2,  Intercept  2, 
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Figure  30. 


Wing  Pressures,  Run  9B-A3,  Intercept  1 
(Ji  = 20.1  deg.,  Ap  * 3.6  psi . 


sled  velocity  vector  and  a line  from  the  model  reference  point  (inter- 
cept of  wing  40-percent  chordline  at  the  model  axis)  at  blast  intercept 
to  the  ground  point  of  the  charge  center. 


The  loading  histories  and  the  V6QS  loadings  are  presented  together 
in  Figures  27  to  31.  It  should  be  noted  that  the  ordinates  of  the 
V6QS  loadings  have  been  shifted  to  match  the  preintercept  level  of  the 
test  data,  and  their  time  scales  have  been  shifted  to  match  the  observed 
shock-induced  jump.  The  time  for  the  measured  shock-induced  jump  will  be 
taken  as  the  time-origin  in  the  discussion. 

6.3.1  Intercept  9B-A1;  ip  = 87.6  deg.,  Ap^  = 2.1  psi  (Fig.  27) 

For  the  2.1  psi  intercept  at  87.6  degrees  from  head-on,  the  angle 
of  attack  at  blast  intercept,  a^,  was  11.4  degrees  and  the  positive 
velocity  duration  at  the  sled,  was  25.7  milliseconds  for  this  near- 

side-on  blast  intercept.  The  shock  diffraction  period  apparently  lasts 
about  one  to  two  milliseconds.  The  diffraction  loading  is  most  apparent 
for  the  inboard  and  rearward  stations  where  the  post-diffraction  loadings 
are  sm.’ilJ.  Otherwise  the  diffraction  loadings  on  an  impulse  (time 
Integrated)  basis  are  relatively  small  compared  with  the  post-diffraction 
loadings . 

During  the  post -d i f f ract ion  period  the  loading  histories  for  the 
wing  area  from  ().b0b/2  inboard  roughly  follow  V6QS  predictions,  although 
the  level  of  the  measured  loadings  is  generally  noticeably  higher, 
particularly  for  tlie  region  towards  the  leading  edge.  Using  the  shock- 
induced  jump  of  the  quasi-steady  VI BRA-6  predictions  as  a basis  for 
comparison,  the  measured  loadings  range  from  25  to  100  percent  greater 
than  the  V6QS  shock-jump  predictions. 

Over  the  outboard  region  of  the  wing  from  0.70b/2  to  0.90b/2  , the 
loading  histories  have  a distinctly  different  signature  from  the  V6QS 
predictions  with  differences  in  magnitude  even  greater  than  inboard,  by 
up  to  five  times  the  shock  jump  in  V6QS.  Here  there  is  a noticeable 


b is  wing  span  and  c is  wing  chord. 
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indication  of  a leading-edge  vortex.  At  0.70b/2  and  0.25c  (70/25), 

80/45  and  80/65  the  loading  tends  to  be  high  during  the  period  from  four 
to  twelve  milliseconds  (after  the  shock-induced  jump).  This  indicates 
the  vortex  apparently  sweeps  back  along  that  line  essentially  during 
that  period.  At  station  80/05  the  loading  is  significantly  less  than 
V6QS  during  the  same  period,  and  thereafter  it  rises  to  reach  a maximum 
at  20  milliseconds,  indicating  that  the  vortex  sweepback  is  then  less. 
From  these  observations  it  can  be  concluded  that  the  leading-edge  vortex 
has  a sweepback  angle  that  decreases  with  time  beginning  at  about  six 
milliseconds. 

The  effect  of  the  vortex-induced  loading  on  the  bending  of  a wing 
could  be  significant  even  for  this  2.1-psi  blast  because  it  appears  to 
be  greatest  near  the  wing  tip.  Estimation  of  the  vortex  effect  on 
structural  response  however,  requires  a means  for  prediction  of  the 
vortex-induced  loading  distribution  over  the  wing. 

There  is  a significant  apparent  lag  in  the  decay  of  the  measured 
loading  relative  to  the  decay  in  the  blast  flow.  Over  a substantial 
part  of  the  wing  the  loading  remitins  well  above  the  preintercept  value 
for  30  to  40  milliseconds,  whereas  the  blast  flow  decays  completely  to 
zero  by  25.7  milliseconds. 

6.3.2  Intercept  9B-A2-2;  ; ” 90.3  deg.,  Ap^  •=  4.0  psi  (Fig.  28) 

For  the  4.0  psi  Intercept  at  90.3  degrees  from  head-on  a^  was  18.0 

degrees  and  t , was  22.9  milliseconds  for  this  second  near-slde-on  blast 
v+ 

intercept.  Again,  the  loading  impulse  during  the  shock-diffraction 
period  is  relatively  small  over  most  of  the  wing  compared  with  the  post- 
diffraction loading  history,  except  for  the  inboard  rearward  stations, 
where  the  magnitude  of  the  post-diffraction  loading  is  small. 

The  loading  during  the  post-diffraction  period  differs  considerably 
from  V6QS  essentially  all  over  the  wing.  Over  a large  part  of  the  wing, 
particularly  where  the  vortex  effects  are  marked,  the  loadings  are 
higher  than  the  V6QS  values  by  two  to  three  times  the  shock-induced  V6QS 
jump.  These  higher  loadings  are  largest  along  a line  passing  through 
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40/05  and  60/45,  which  is  believed  to  be  about  the  leading-edge  vortex 
line  at  maximum  sweepback.  The  period  of  higher  loading  generally  lasts 
10  to  15  milliseconds,  depending  upon  the  location  on  the  wing. 

The  effect  of  the  apparent  leading-edge  vortex  on  the  loading 
history  is  quite  marked  at  nearly  all  the  stations,  but  particularly 
at  the  forward  and  outboard  stations.  The  initial  rearward  sweeping 
back  of  the  vortex  can  be  traced  by  following  the  second  peak  in  loading 
(after  shock  arrival)  along  the  0.80b/2  line;  at  stations  80/25,  80/45 
and  80/65  the  second  peak  occurs  at  about  1,  2 and  3 msec  after  shock 
arrival,  respectively.  The  subsequent  movement  of  the  vortex  can  be 
seen  along  the  0.60b/2  chordline  where  the  loading  histories  are  essen- 
tially similar  timewise  to  those  for  Ap^=2.1  psl  (Run  9B-A1).  At  maximum 
sweepback  the  vortex  would  appear  to  leave  the  trailing-edge  of  the  wing 
inboard  of  0.80b/2.  Later,  increased  loading  is  reached  at  stations 
60/05  and  80/25  to  80/65  indicating  the  vortex  sweepback  is  decreasing; 
this  occurs  between  20  to  25  milliseconds  after  shock  arrival. 

The  general  motion  of  the  apparent  vortex,  in  summary,  from  the 
measured  loadings  appears  to  be  to  sweep  back  from  the  leading  edge  to 
its  most  rearward  sweep  in  about  4 milliseconds.  It  remains  there  for 
8 milliseconds  or  so,  and  then  gradually  decreases  its  sweepback  at  a 
slow  rate.  The  blast  flow  at  the  sled  decreases  to  zero  in  22.9  milli- 
seconds, which  is  about  the  time  the  loading  at  the  forward  and  tip 
stations  60/05,  80/25,  80/45  and  80/65  peak.  So  it  can  be  seen  that 
there  is  a considerable  lag  in  the  loading,  which  is  attributed  to  the 
vortex-type  flow  pattern. 

The  loadings  are  again  considerably  higher  than  the  V6QS  values  at 
the  shock  jump,  being  greater  by  up  to  three  times  the  jump. 

6.3.3  Intercept  9B-A2-1,  4)  = 20.1  deg,  Ap^  = 2.0  psi.  (Fig.  29) 

For  the  2,0  psi  intercept  at  20.1  degrees  from  head-on,  was  5.6 
degrees  and  t^^  was  13.8  milliseconds  for  this  frontal  blast  intercept. 
Because  the  intercept  is  nearly  head-on,  the  diffraction  period  is  very 
short.  The  diffraction-period  loading  is,  again,  very  small  in  terms  of 
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impulse  (time  integral)  in  comparison  with  the  post-diffraction  loading 
for  all  stations,  with  a few  exceptions  such  as  at  40/85  where  the  post- 
diffraction loading  is  small. 

Any  vortex  effect  on  the  loading  is  not  as  readily  identifiable  as 
for  4)  ~90  degrees,  although  there  is  significant  difference  in  loading 
from  the  V6QS  values  forward  of  0.65c  between  0.40b/2  and  0.70b/2  and 
along  the  0.80b/2  chordline.  A leading-edge  vortex  may  be  present,  as 
indicated  by  the  tests  of  Reference  12  (See  Sect.  6.1),  but  any  effect 
on  transient  loading  may  be  difficult  to  identify  because  of  the  small 
peak  angle  of  attack  (5.6  deg.). 

The  shape  of  the  loading  history  generally  is  similar  to  the  V6QS 
loading  although  the  measured  loadings  are  significantly  higher  over 
large  areas  of  the  wing,  as  noted.  The  biggest  loading  excesses  over 
V6QS  are  about  equal  to  the  V6QS  jump  at  the  shock.  These  loadings 
continue  to  be  higher  than  V6QS  well  beyond  the  13.8  milliseconds  for 
the  blast  flow  to  decay  to  zero. 

There  are  marked  oscillations  in  the  loading  at  positions  along  the 
0.80b/2  and  0.90b/2  chordlines  which  are  believered  to  be  indicative  of 
buffeting.  The  test  data  by  Ray  and  Taylor  (Ref.  17)  indicate  buffeting 
may  occur  in  this  range  of  Mach  number  and  angle  of  attack,  although  it 
must  be  recognized  that  the  wing  used  differs  significantly  in  sweepback 
angle,  thickness  ratio  and  aspect  ratio.  The  significance  of  these 
unsteady  airloads  to  an  aircraft  structure  remains  to  be  examined. 

6.3.4  Intercept  9B-A3-1,  <{>  = 20.1  deg,  Ap^  = 3.6  psi  (Fig.  30) 

For  the  3.6  psi  intercept  at  20.1  degrees  from  head-on,  was  7.0 

decrees ; t was  not  determined  because  the  second  blast  shock  arrived 
v+ 

before  the  blast  particle  velocity  decayed  to  zero  at  the  sled.  Tliis 
was  the  second  frontal  blast  intercept.  The  results  are  quite  similar 
to  those  of  Intercept  9B-A2-1  for  the  same  intercept  angle  but  a 2.0-psi 
blast  shock.  This  might  be  expected  as  the  peak  angle  of  attack  is  only 
increased  to  7.0  degrees  from  5.6  degrees  of  the  2.0-psi  intercept.  The 
diffraction  loading,  in  terms  of  impulse,  also  generally  appear  to  be 
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comparatively  small  relative  to  the  post-diffraction  loading,  except 
possibly  for  near  the  trailing  edge  and  the  wing  root  where  the  post- 
diffraction loadings  are  small. 

The  post-diffraction  loading  compares  fairly  well  near  the  trailing 
edge  with  V6QS  except  near  the  tip.  Outboard  of  0.30b/2  the  measured 
loading  is  significantly  greater  than  V'^QS  for  stations  between  the 
leading  edge  and  0.45c.  The  largest  excesses  are,  as  for  (}>  = 20.1 
degrees  and  Ap^  = 2.0  psi,  about  equal  to  the  V6QS  jump  at  the  shock. 

Where  the  loading  is  greater  than  V6QS,  it  remains  greater  until  well 
after  the  blast  flow  decays  to  zero,  as  for  the  2.0  psi  test. 

There  is  no  clear  indication  of  a leading-edge  vortex,  but  the  peak 
angle  of  attack  is  only  7.0  degrees.  Along  the  0.80b/2  chordline  there 
are  again  large  fluctuations  in  loading  indicative  of  buffeting,  par- 
ticularly at  the  rearward  stations. 

6.3.5  Intercept  9B-A2-3,  i))  = 134.9  deg,  Ap  ^ = 2.0  psi.  (Fig.  31) 

For  the  2.0  psi  intercept  at  134.9  degrees  from  head-on,  was 
9.4  degrees  and  t^_|_  was  56.5  milliseconds  for  this  intercept  from  the 
rear  quadrant.  The  magnitude  of  the  peak  loading  during  tlie  diffraction 
period  for  this  intercept  from  the  rear  sector  is  higher  than  during  the 
post-diffraction  period  at  nearly  all  locations  on  the  wing.  The  duration 
of  the  diffraction  loading  is  longer  than  in  the  other  intercepts  because 
the  blast  shock  overtakes  the  wing. 

The  post-diffraction  loading  roughly  seems  to  follow  V6QS  although 
tending  to  be  higher,  except  in  the  region  from  the  leading  edge  to 
about  0.65c  between  0.40b/2  to  0.70b/2  and  at  80/65  and  80/85  where  it 
is  significantly  higher,  by  as  much  as  100  percent  of  the  V6QS  jump  at 
the  shock.  It  remains  higher  than  V6QS  in  the  inner  forward  region  well 
beyond  the  56.5  millisecond  blast  velocity  positive  duration  at  the 
sled.  Along  the  0.80b/2  chordline  the  loading  near  the  trailing  edge  is 
definitely  higher  than  V6QS,  until  about  40  to  60  milliseconds,  and  at 
80/25  it  is  somewhat  higher  than  V6QS  during  the  period  from  about  20  to 
80  milliseconds. 
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A leading-edge  vortex  might  reasonably  be  expected  for  the  9.4-  I 

i 

degree  peak  angle  of  attack  and  the  long  blast  duration  as  the  evidence 
of  a vortex  is  fairly  strong  for  Intercept  9B-A1  at  11.4  degrees.  There 

is  some  indication  of  one  where  the  loadings  exceed  the  V6QS  predictions,  i 

but  the  characteristic  signature  of  a vortex  on  the  peak  loading  is  not 
as  distinct  as  for  the  intercepts  near  90  degrees,  where  the  peak  angle 
of  attack  was  11.4  and  18.0  degrees. 


7.  SUMMARY  OF  OBSERVATIONS 


The  most  significant  features  of  the  preceding  discussion  of  the 
test  results  may  be  summarized  as  follows; 

7 . 1 Effects  of  Blast-Induced  Angle  of  Attack 

The  measured  blast-induced  loadings  at  the  wing  for  blast-induced 
peak  angles  of  attack  up  to  9. A degrees  generally  exceeded  the  ouasi- 
steady  VIBRA-6  predictions  by  an  amount  as  large  as  the  jump  in  the 
predictions  at  blast  shock  arrival.  At  larger  peak  angles  of  attack 
the  measured  loadings  frequently  exceeded  the  quasi-steady  VIBRA-6 
predictions  by  two  to  three  times  the  jump.  The  largest  differences 
between  measured  loadings  and  these  predictions  occurred  in  a region 
of  the  wing  between  the  leading  edge  and  the  65-percent  chordline  from 
40-percent  semispan  outboa’'d. 

7 . 2 Relat ive  Importance  of  Diffractive  Loading 

At  the  blast  intercept  angle  near  20  aegrees  from  head-on,  relative 
to  the  track,  the  measured  peak  loadings  during  the  shock  diffractive 
period  generally  were  about  equal  to  or  less  than  the  peak  values 
during  the  post-diffractive  period,  except  near  the  root  and  inner 
tralling-edge  region.  The  diffractive  period  here  is  arbitrarily 
defined  as  the  first  millisecond  following  blast  intercept  (O^at/c^l). 
In  tlie  intercepts  near  90  degrees  the  results  were  similar,  except 
that  the  loading  attributed  to  the  leading-edge  vortex  has  its  highest 
peak  during  Che  diffractive  period  in  many  cases  for  transducers  near 
the  leading  edge.  In  the  135-fiegree  Intercept,  the  diffractive-period 
peaks  were  significantly  greater  than  the  post-diffractive  peaks 
nearly  everywhere  on  the  wing.  The  loading  impulse  (time  integration) 
for  the  20  and  90-degree  intercepts  was  very  small  during  the  diffrac- 
tive period  compared  with  the  post-diffractive  period;  at  135  degrees 
the  loading  impulse  during  the  diffractive  period  by  comparison  was 
relatively  more  significant. 
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7.3  Nonlinear  Vortex  Effects 

The  loading  histories  during  the  post-diffractive  period  in  tests 
with  blast-induced  peak  angles  of  attack  up  to  9.4  degrees  roughly 
followed  the  quasi-steady  VIBRA-6  predictions,  although  the  level  of 
the  loadings  over  the  forward  outboard  regions  of  the  wing  was 
significantly  higher.  At  peak  angles  of  11.4  and  18.0  degrees  the 
post-diffractive  loadings  had  large  peaks  with  features  Indicative  of 
a strong  leading-edge  vortex;  a sweptback  region  of  the  wing  extending 
from  a position  on  the  leading  edge  appreciably  inboard  of  the  wing 
tip  to  the  outboard  trailing  edge  had  high  loadings  that  were  maintained 
until  the  blast  flow  at  the  sled  went  to  zero.  The  post-diffractive 
loading  histories  at  the  large  peak  angles  of  attack  differed  signif- 
icantly from  the  quasi-steady  VIBRA-6  predictions  over  all  but  £he 
inner  rearward  region  of  the  wing. 


8.  CONCLUSIONS 


Based  on  the  results  of  these  sled  tests,  the  following  conclusions 
are  reached: 

1.  The  multiple-intercept  rocket-propelled-sled  tests  have 
provided  useful  blast  pressure  data  for  a highly  sweptback 
wing  travelling  at  Mach  0.76  for  blast  intercept  angles 
from  20  to  135  degrees  from  head-on  for  blast  overpressures 
in  the  2 to  4 psi  range. 

2.  Comparisons  of  quasi-steady  linearized  calculations  with 
the  test  data  in  the  post-diffraction  period  have  indicated 
that,  although  there  is  some  agreement  over  the  inboard 

rear  region  of  the  wing,  frequently  the  experimental  loadings 
exceed  the  quasi-steady  loadings  appreciably,  particularly 
toward  the  wing  tip  and  leading  edge.  There  are  strong 
indications  that  these  larger  loadings  reflect  basically 
non-linear  aerodynamic  effects  which  cannot  be  adequately 
predicted  by  simply  a linear  theory  of  the  VIBRA-6  type 
for  the  blast  conditions  of  the  present  tests. 

3.  The  peak  diffractive  loadings  were  generally  equal  to  or 
less  than  the  post-diffractive  loadings  for  intercepts  at 
about  20  and  90  degrees  and  were  generally  significantly 
greater  for  the  135-degree  Intercept. 
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APPENDIX  A 

PRESSURE  AND  ACCELERATION  TIME  HISTORIES 

This  appendix  presents  time  histories  of  most  of  the  measured 
blast-line  and  sled-borne  transducer  measurements  obtained  during  the 
present  test  program,  except  for  wing  differential  pressure  data  which 
are  presented  separately  as  small  composite  figures  in  Section  6 of 
the  text  and  which  are  also  presented  as  larger  individual  figures  in 
Volume  2 . 

Material  is  presented  here  according  to  the  chronological  order 
of  intercepts  as  indicated  in  Table  6.  For  each  intercept  blast-line 
pressures  are  presented  first,  followed  by  blastward  and  leeward  wing 
pressures,  total  pressure  at  the  model,  and  wing  acceleration. 
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CfiTt-  14  JULY  76  TITLE*  PRESSURE  T.S.  13226  VS  TIME  MISSION-  9B  R1 


Figure  32.  (Concluded) 
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Figure  43.  Wing  Acceleration,  Run  9B-A2,  Intercept 
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Figure  49.  (Continued) 
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APPENDIX  B 


DENSITY  AND  VELOCITY  TIME  HISTORIES 

Blast  density  and  material  velocity  time  histories  at  the  sled  were 
determined  from  the  overpressure  time  histories  of  Section  5 by  use  of 
the  method  of  Reference  12,  which  utilizes  plots  of  pressure,  density 
and  velocity  derived  from  Brode's  theory  (Ref.  13).  The  particular  plot 
needed  is  an  unnumbered  contour  plot  provided  in  the  pocket  of  Reference 
12  of  the  variables  n,  n.  3 with  the  abscissa  (i-y)  covering  the  range 
- 0.6  to  -0.1  and  the  ordinate  X covering  the  range  0.8  to  2.6,  where 

IT  = Ap/p  + 1 
o 

n = p/p„ 

o 

3 = v/a 

o 

T = a t/a 
o 

X = r/a 

a is  ambient  speed  of  sound 
o 

p^  is  ambient  pressure 
p is  air  density 

V is  blast  material  velocity 

3 , 

a = / 

W is  total  energy  release 

and  subscript  o designates  ambient  (pre-blast)  conditions. 
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I In  applying  this  figure  to  the  present  problem  it  was  found  that 

I the  density  and  velocity  curves  (n  and  3 curves)  in  the  figure  did  not 

exactly  satisfy  the  theoretical  relationships  for  a normal  shock. 
Consequently  it  was  found  advisable  to  slightly  shift  the  upper  end  of 
all  of  the  n and  3 curves  in  the  figure  for  positive  overdensity  or 
positive  material  velocity  (which  are  all  straight  lines)  so  that  they 
would  be  consistent  with  the  corresponding  overpressure  (it)  curves  at 

I the  shock  front  with  regard  to  normal  shock  theory.  Corrected  n and 

3 curves  were  then  obtained  by  drawing  straight  lines  between  the 
shifted  upper  ends  of  these  curves  and  the  unaltered  lower  endpoints 
of  the  curves. 
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